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| THER | X7 | BE | X237 | "W | A=37 VAR
laab 0.619 | 0.02 0.616 0.11 0.909 | 0.01 0.839 4
laboA 0.289 | 0.03 0.304 0.13 0.690 | 0.01 0.521 19
laho 0.824 | 0.03 0.796 0.08 0.894 | 0.01 0.960 8
lcsp 0.952 | 0.03 0.956 0.18 0.987 | 0.01 0.955 5
1csy 0.746 | 0.06 0.745 0.19 0.931 | 0.02 0.888 5
1dox 0.924 | 0.04 0.924 0.17 0.917 | 0.01 0.864 10
1fjlA 0.828 | 0.04 0.829 0.18 0.997 | 0.01 0.991 7
1fkj 0.878 | 0.06 0.878 0.43 0.941 | 0.03 0.954 10
1fmb 0.861 | 0.03 [ 0.863 | 0.18 | 0.973 | 0.01 0.972 5
1hfh 0.769 | 0.07 [ 0.758 | 0.55 | 0.869 | 0.04 | 0.903 21
1hpi 0.600 ( 0.02 | 0603 | 0.11 | 0.863 | 0.01 | 0.901 6
lidy 0.375 | 0.01 0.379 0.11 0.626 | 0.01 0.348 6
1krn 0.840 | 0.04 0.843 0.10 0.988 | 0.01 0.981 9
1pfc 0.731 | 0.06 | 0.728 0.23 | 0.881 | 0.03 | 0.913 17
1plc 0.871 | 0.05 | 0.871 0.16 | 0.924 | 0.02 | 0.951 10
1r69 0.196 | 0.02 0.196 0.09 0.510 | 0.01 0.563 7
1tgxA 0.651 | 0.01 0.744 0.07 0.820 | 0.01 0.760 5
1tvxA 0.163 | 0.01 0.163 0.03 0.331 | 0.01 0.456 8
lycc 0.716 | 0.04 0.725 0.19 0.873 | 0.02 0.779 10
2mhr 0.882 | 0.06 | 0.886 | 0.54 | 0.982 | 0.03 | 0.961 11
2trx 0.479 | 0.03 | 0.461 0.15 | 0.707 | 0.01 0.685 8
3cyr 0.689 | 0.04 0.690 0.19 0.764 | 0.02 0.849 14
451c 0.517 | 0.04 0.505 0.12 0.637 | 0.02 0.978 12
9rnt 0.845 [ 0.05 | 0.870 | 0.40 | 0.656 | 0.02 | 0.978 20
lad2 0.755 | 0.13 0.754 0.99 0.903 | 0.01 0.881 22
lamk 0.918 | 0.29 0.917 1.66 0.984 | 0.13 0.978 32
lar5A 0.852 | 0.12 0.848 0.90 0.974 | 0.06 0.977 17
laym3 0.785 | 0.16 0.811 1.42 0.948 | 0.08 0.915 41
lezm 0.929 | 0.48 0.923 6.97 0.965 | 0.21 0.926 119
lhavA 0.131 | 0.17 0.138 1.27 0.334 | 0.12 0.311 64
1ldg 0.814 | 0.29 0.844 3.12 0.942 | 0.15 0.938 31
1led 0.461 | 0.16 | 0.442 1.49 | 0.923 | 0.09 | 0.834 28
1mrj 0.868 | 0.19 | 0.853 1.92 | 0.927 | 0.11 0.923 63
1pgtA 0.798 | 0.13 0.753 1.01 0.971 | 0.07 0.924 22
1pii 0.666 | 0.18 0.664 1.81 0.826 | 0.11 0.848 83
1ppn 0.599 | 0.22 0.597 1.11 0.988 | 0.11 0.985 50
1pysA 0.917 | 0.19 0.925 1.89 0.936 | 0.11 0.922 38
1sbp 0.358 | 0.32 0.370 3.72 0.571 | 0.18 0.440 85
1thm 0.901 | 0.21 | 0.893 229 [ 0.930 | 0.12 | 0.893 48
1tis 0.917 | 0.37 0.920 2.32 0.971 | 0.20 0.947 103
1ton 0.630 | 0.27 0.625 3.27 0.827 | 0.15 0.849 115
luky 0.182 | 0.12 0.185 0.93 0.628 | 0.09 0.443 62
1zin 0.852 | 0.14 | 0.866 1.15 | 0.966 | 0.07 | 0.955 24
2cba 0.640 | 0.28 0.610 1.48 0.814 | 0.17 0.831 63
2hsdA 0.417 | 0.18 0.417 1.57 0.587 | 0.10 0.582 41
2pia 0.504 | 0.19 0.476 1.71 0.757 | 0.13 0.623 94
3grs 0.304 | 0.14 0.307 1.24 0.506 | 0.09 0.451 47
5ptp 0.821 | 0.26 0.815 1.36 0.957 | 0.14 0.918 66
kinase 0.484 | 0.36 | 0.486 482 | 0.696 | 0.19 | 0.644 68
lacd 0.696 | 0.56 0.689 7.69 0.878 | 0.36 0.798 326
1ad3 0.898 | 0.54 | 0.898 7.59 [ 0.761 | 0.28 | 0.739 84
ladj 0.858 | 0.48 | 0.865 6.67 [ 0.947 | 0.24 | 0.956 42
lajsA 0.269 | 0.40 0.276 4.81 0.607 | 0.25 0.503 79
lcpt 0.599 | 0.45 0.599 5.90 0.829 | 0.28 0.774 121
1dlc 0.772 | 0.98 0.772 | 15.88 0.880 | 0.57 0.826 185
left 0.812 | 0.40 0.811 5.12 0.887 | 0.24 0.891 83
1fieA 0.846 | 1.35 | 0.845 | 23.67 | 0918 | 0.66 | 0.846 | 138
1gowA 0.580 | 0.64 0.568 9.01 0.896 | 0.42 0.714 82
1gpb 0.930 | 3.12 0.930 | 32.83 0.984 | 1.43 0.962 398
1gtr 0.855 | 0.89 0.854 | 16.78 0.965 | 0.41 0.936 118
1lcf 0.880 | 3.32 0.881 | 54.99 0.790 | 1.51 0.723 705
1lvl 0.880 | 3.32 0.881 | 55.58 0.475 | 0.35 0.395 122
lpamA 0.118 | 1.21 0.113 | 19.64 0.610 | 0.88 0.414 318
1ped 0.350 | 0.18 0.348 1.16 0.800 | 0.12 0.812 35
1pkm 0.827 | 0.55 0.824 7.97 0.941 | 0.30 0.895 71
1rthA 0.868 | 1.35 0.869 | 30.30 0.935 | 0.63 0.908 351
1sesA 0.813 | 0.90 0.817 | 16.59 0.953 | 0.44 0.907 254
2myr 0.074 | 0.50 0.079 5.06 0.388 | 0.44 0.185 200
3pmg 0.924 | 0.87 0.923 | 14.16 0.973 | 0.47 0.937 224
4enl 0.263 | 0.20 0.263 1.33 0.685 | 0.15 0.399 30
actin 0.905 | 0.70 0.904 | 12.80 0.948 | 0.34 0.917 160
arp 0.645 | 0.76 0.645 5.29 0.882 | 0.40 0.843 203
gald 0.242 | 0.65 0.239 | 10.11 0.463 | 0.37 0.403 168
glg 0.692 | 1.06 0.673 | 20.46 0.846 | 0.53 0.856 285

63



64 WEE BT - FILEE - BREE - RAEZ

MEEL LT, HABEPL—RIIME LI TBLE, SHRZEDEDOEEZEDZI V—I DELPBEKR
CRAEDESETERTIZLNEHTONE. 202 LICkY, LVEEMICEOERDERNKEL RS
LEZBNS.

BEHIR

1) D. W. Mount, “S A4 V79T 4 7 A5 ) LEFID DBERIT~, AT A AN - AL TV R e A F—F
< a J, 2002.

2) R. Durbin, S. R. Eddy, A. Krogh and G. Mitchison, “/X1 44 ¥ 7 4 %7 4 7 A-RERETNVIZ L 5 BB TFES
FEHT-, EEFHIAR, 2001.

3) P. Clote and R. Backofen, “HEH#BILENDES/NSA AL T +=T 4 7 A7, £ HIR, 2004

4) J. D. Thompson, D. G. Higgins and T. J. Gibson, “CLUSTAL W: improving the sensitivity of progressive

multiple sequence alignment through sequence weighting, position specific gap penalties and weight matrix
choice”, Nucleic Acid Research, Vol. 22, 4673-4680, 1994.

5) C. Notredame and D.G. Higgins, “SAGA: Sequence Alignment by Genetic Algorithm”, Nucleic Acid Research,
Vol. 24, 1515-1524, 1996.

6) J.D. Kececioglu, “The Maximum Weight Trace Problem in Multiple Sequence Alignment”, In Proceedings
of the 4th Symposium on Combinatorial Pattern Matching, LNCS(684), 106-119, Springer, 1993.

7) M. O. Dayhoff, “Atlas of protein sequence and structure”, National Biomedical Reserch foundation, George-
town University, Washington, D.C., Vol.5, pp.89-99, 1972.

8) S. B. Needleman and C. D. Wunsch, “A General Method Applicable to the Search for Similatries in the
Amino Acid Sequence of Two Proteins,” J. Mol. Biol., Vol.48, pp.443-453, 1970.

9) G. Koller and G. R. Raidl, “An Evolutionary Algorithm for the Maximum Weight Trace Formulation of the
Multiple Sequence Alignment Problem”, Parallel Problem Solving from Nature, 302-311, 2004.

10) S. Leopold, “An Alignment Graph based Evolutionary Algorithm for the Multiple Sequence Alignment

Problem”, Master’s thesis, Vienna University of Technology, Institute of Computer Graphics and Algorithms,
February 2004.

11) C.Notredame, D. Higgins, and J. Heringa. “T-COFFEE: A nobel method for fast and accurate multiple
sequence alignmnet”, journal of Molecular Biology, 392, pp.205-217, 2000.

12) J. D. Thompson, F. Plewniak and O. Poch, “BAIBASE: a benchmark alignment database for the evaluation
of multiple alignment programs”, Bioinformatics, Vol.15, pp.87-88, 1999.



IVFTNT T4 YA T % Maximum Weight Trace D 7 1) — 7 % 5 L 7- &8k 65

A Greedy Method with Clique Finding for
the Maximum Weight Trace Formulation of

the Multiple Sequence Alignment Problem

Fumiyoshi N1SHINO, Kengo KATAYAMA*,
Hideo MINAMIHARA* and Hiroyuki NARIHISA*

Graduate School of Engineering,
*Department of Information and Computer Engineering, Faculty of Engineering,
Okayama University of Science.
1-1 Ridai-cho, Okayama, 700-0005, Japan.

(Received October 1, 2007; accepted November 2, 2007)

Most of the current techniques such as ClustalW and SAGA to the multiple alignment problem rely
on local information to search near-optimal solutions. On the other hand, the maximum weight trace
formulation can express global information. However the maximum weight trace problem is NP-hard.
A simple technique to the multiple alignment problem with the maximum weight trace formulation is
known to be greedy method. In this paper, we show a reformed greedy method that takes into account
finding cliques. We compare the reformed method with the simple greedy method, ClustalW and SAGA
on the benchmark set of multiple sequence alignment problem. The outcomes show that some results are
improved by the greedy method with clique finding.
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